ABSTRACT. The peel of mango (Mangifera indica L.) is a special plant tissue that contains many compounds that interfere with protein extraction. A successful separation with Two-dimensional electrophoresis (2-DE) is the key step for proteomic analysis. To evaluate the efficiencies of mango peel protein extraction for 2-DE, four extraction methods were tested: 1) 2-D clean-up kit, 2) trichloroacetic acid/acetone precipitation, 3) phenol extraction, 4) phenol with methanol/ammonium acetate precipitation. The results showed that the phenol with methanol/ammonium acetate precipitation produced the best quality protein extraction and separation. Proteins were separated in 30-70 and >70 kDa ranges better than with the other methods. Acidic proteins had better resolution with fewer horizontal and vertical streaks. Sixteen proteins were identified by maxtrix-assisted laser desorption/ ionisation time-of-flight tandem mass spectrometry (MALDI-TOF/ TOF-MS/MS). The result demonstrated that each of these four methods can be used to prepare mango peel proteins. The phenol with methanol/ ammonium acetate precipitation was the best choice for proteomic analysis of mango peel.
INTRODUCTION
Two-dimensional electrophoresis (2-DE) is a powerful technique for proteome analysis. Accurate proteomic results depend on good protein separation, a critical step in 2-DE (Wang et al., 2008) . Plant protein extraction is challenging because certain pigments (chlorophyll, anthocyanin), polysaccharides, phenolic compounds, and organic acids are enriched in the cell walls (Schieber et al., 2003; Hirano et al., 2004; Ajila et al., 2007) . It is necessary to remove these interfering compounds for successful protein separation before 2-DE. Several different protein extraction methods, have been applied in the study of genetic breeding (Tanaka et al., 2006) , plant diseases (Al-Obaidi et al., 2014) , insect repellants (Kim et al., 2008) , and plant stress response (Xu et al., 2010) as so on. However, it is necessary to choose a suitable method for specific plant samples.
Mango (Mangifera indica L.) is an important fruit in the tropics. It is nutrient-rich and delicious, enjoying a reputation as the "king of tropical fruits". Unfortunately, mangoes are highly perishable and difficult to store because the peels are susceptible to infection by anthracnose, resulting in severe economic losses (Lima et al., 2013) . This persistent blight is likely affected by the proteins in the skin that play a major role in both biotic and abiotic stresses, such as wounding and pathogens. A proteomic study of mango peel would provide an understanding of the proteins involved, and contribute to the foundation of the improvement of mangoes, as well as the prevention and control of anthracnose disease. However, mango peels are rich in ketones, polysaccharides, small molecular phenols, anthocyanins, and pectin, all of which can interfere with protein separation (Berardini et al., 2005) . To date, few studies have focused on mango peel proteomics, underlining the requirement for an effective and reliable method for mango peel protein extraction.
In this study, four protocols were used to extract mango peel proteins. We identified the most suitable method for use in future studies by comparing the proteins separated by 2-DE. Selected spots were analyzed by mass spectrometry for identification.
MATERIAL AND METHODS

Plant material
Fresh, ripe mangoes of the disease-resistant strain Mangifera indica L. cultivarietas Tainong No. 1 were provided by the Environmental and Plant Protection Institute, Danzhou, China. Take 1 g mango peel grounding into powder in liquid nitrogen.
Protein extraction
2-D clean-up kit treatment
The powdered samples were suspended in lysis buffer (7 M urea, 2 M thiourea, 65 mM dithiothreitol (DTT), 4% 3-[(3-Cholamidopropyl) dimethylammonio]propanesulfonate (CHAPS) (w/v), 20 mM Tris, 1% ampholyte (v/v)) and vortexed for 10 min at 4°C. The supernatant was collected after centrifugation at 15,000 g for 30 min at 4°C, and treated according to the 2-D clean-up kit manufacturer instruction (GE Healthcare, Sweden). The pellet was dissolved in lysis buffer and centrifuged at 15,000 g for 1 h at 4°C. The supernatant was aliquoted to new tubes and stored at -80°C.
Trichloroacetic acid (TCA)/acetone precipitation
The protocol was performed according to Cascardo (Cascardo et al., 2001 ) with some modifications. The sample was added to ice-cold acetone containing 10% TCA (w/v), 0.07% b-mercaptoethanol (v/v) and homogenized on the ice. After precipitation 2 h at -20°C, the mixture was centrifuged at 15,000 g for 30 min at 4°C. The supernatant was discarded, and then the pellet was rinsed three times with ice-cold extraction buffer and centrifuged at 15,000 g for 30 min at 4°C. The sample was precipitated for 2 h at -20°C between each rinse. The pellet obtained after centrifugation was treated in the same way as in 2-D clean-up kit method.
Phenol extraction method
The protocol was treated according to Natarajan (Natarajan et al., 2005) with some modifications. The powdered sample was suspended in extraction buffer [500 mM Tris-HCl, pH 7.8, 50 mM Ethylenediaminetetraacetic acid (EDTA), 2 mM phenylmethanesulfonyl fluoride (PMSF), 2% b-mercaptoethanol (v/v)] and homogenized at 4°C. The same volumes of prechilled Tris-buffered phenol, pH 7.8, was added and vortexed for 10 min at 4°C and centrifuged at 10,000 g for 30 min at 4°C. The phenolic phase was collected and re-extracted with four volumes of prechilled methanol 2 h at -20°C. After centrifugation at 10,000 g for 15 min at 4°C, the pellet was rinsed three times with prechilled methanol. The pellet obtained after centrifugation was treated in the same way as in 2-D clean-up kit method.
Phenol with methanol/ammonium acetate precipitation
The protocol was performed according to Carpentier (Carpentier et al., 2005) with some modifications. The powdered sample was added to ice-cold extraction buffer (50 mM Tris-HCl, pH 7.5, 5 mM EDTA, 100 mM KCl, 1% DTT (w/v), 30% sucrose (w/v), 1 mM PMSF). The mixture was homogenized and added to an equal volume of prechilled Tris-buffered phenol, pH 7.8. After centrifuging at 10,000 g for 15 min at 4°C, the phenolic phase was collected and re-extracted with an aqueous extraction buffer. The sample was precipitated for 2 h with five volumes of 100 mM ammonium acetate in methanol at -20°C. After centrifugation at 15,000 g for 30 min at 4°C, the supernatant was removed and the pellet was rinsed twice with prechilled acetone containing 0.2% DTT (w/v), and incubated for 2 h at -20ºC for each rising step. The pellet carried out after centrifugation was treated in the same way as in 2-D clean-up kit method.
The protein concentrations were quantified using the Bio-Rad Protein Assay according to the Bio-Rad manufacturer instructions.
Two-dimensional electrophoresis (2-DE)
2-DE was carried out according to the Bio-Rad instrument-operating manual. The sample protein (190 mg) was diluted with rehydration buffer [7 M urea, 2 M thiourea, 65 mM DTT, 4% CHAPS, 0.5% ampholyte (v/v), 0.002% bromophenol blue (w/v)] and rehydrated overnight into immobilized pH gradient (IPG) strips with 17 cm, pH 5-8 (Bio-Rad). The isoelectric focusing (IEF) was performed in the PROTEAN IEF Cell (BioRad) according to the manufacturer instruction (2-DE manual, Bio-Rad). After IEF, the IPG strips were equilibrated in equilibration buffer [6 M urea, 20% glycerol (v/v) , 2% sodium dodecyl sulfate (SDS, w/v), 50 mM Tris, pH 8.8] containing 2% DTT (w/v) for 15 min, and subsequently in equilibration buffer containing 2.5% iodoacetamide (w/v) for 15 min. The second dimension separation was performed on the PROTEAN II xi Cell (BioRad) with 12% SDS polyacrylamide gels: 15 mA per gel for 30 min, 25 mA per gel for 7.5 h. The gels were stained with a Silver Stain Plus Kit (Bio-Rad) and scanned. All the 2-DE gels were repeated for three times, and analyzed by the Image Master 2-D Platinum software (version 5.0, GE Biosciences).
Gel trypsin digestion
The protein spots were cutted, destained (15 mM potassium ferricyanide and 50 mM sodium thiosulfate in a 1:1 ratio), dehydrate (acetonitrile), re-dissolved (25 mM ammonium bicarbonate, pH 8.0), re-dehydrate (acetonitrile) and digested with 10 mg/mL trypsin in 25 mM ammonium bicarbonate, pH 8.0 overnight at 37°C (Wang et al., 2006) . The resulting peptides were extracted with 2.5% trifluoroacetic acid (TFA) in 67% acetonitrile (v/v) with 20 min sonication, evaporated in a speedvac and then dissolved with 0.1% TFA in 30% acetonitrile (v/v).
Mass spectrometry analysis
The peptides were mixed with 5 mg/ml a-ciano-4-hydroxycinnamic acid in 0.1% TFA/50% acetonitrile (v/v). The mixture was deposited onto a target plate and analyzed using the 4800 plus MALDI-TOF/TOF-MS/MS Analyzer (Applied Biosystems, USA). A peptide mass fingerprinting (PMF) was acquired in reflector mode from a mass range of 900-4000 Da. The mass spectra (MS) analysis acquired were then subjected to MS/MS analysis. The MS and MS/ MS data were searched against the NCBI database, and using the MASCOT software (Matrix Science, UK). Proteins with a score above the threshold (P < 0.05) were considered positive.
RESULTS
Quantification of mango peel protein obtained from four different methods
From our analysis, 2-D clean-up kit method yielded the highest protein (0.695 ± 0.12 g/kg), followed by TCA/acetone method (0.594 ± 0.13 g/kg), phenol extraction method (0.571 ± 0.09 g/kg), and phenol with methanol/ammonium precipitation method (0.557 ± 0.11 g/kg). However, 2-DE results showed that the proteins extracted with the other three methods better results than 2-D clean-up kit method. Efficient and better gel separation depends on the quality of extracted proteins rather than the amount (Ashoub et al., 2011) .
Evaluation of the four methods by the 2-DE images
The protein samples were separated by 2-DE gels. After visualization with silver staining, we observed good separation of proteins prepared from the four methods (Figure 1) . The results from phenol-based protocols had better resolution with fewer smears and streaks and less background than the TCA/acetone and 2-D clean-up methods. The best gel image was achieved by using the phenol with methanol/ammonium precipitation. The use of phenol has been shown to decrease the interference in precipitation of the proteins by other compounds in the plant samples (Rose et al., 2004; Méchin et al., 2007) . Total spot numbers from the 2-D clean-up kit, TCA/acetone, phenol extraction and phenol with methanol/ammonium precipitation were 913 ± 24, 957 ± 40, 1198 ± 17, and 1270 ± 12, respectively ( Figure 2A) . A greater number of spots were detected by the method of the 2-D clean-up kit and TCA/ acetone at a range of <30 kDa Mr ( Figure 2B ). However, regardless of the Mr and pI range, the phenol-based protocols showed better separation. The phenol with methanol/ammonium protocol showed the highest resolution (Figure 2A , B, and C). 
Protein spots identification
To validate the protein separation, 21 spots were randomly selected for further compatibility study with mass spectrometry. These protein spots included acidic and basic, high and low molecular weight, and abundant and low abundant proteins in the gel produced from the phenol with methanol/ammonium acetate protocol ( Figure 1D ). Sixteen spots successfully identified by database searching are involved in immunity and defense, oxidation and reduction, and amino acid and carbohydrate metabolism, whereas five spots were not identified (Table 1) . Among all the spots, seven proteins (2, 5, 7, 11, 12, 13, and 14) were identified to be heat shock proteins with low molecular weights between 10 to 17 kDa, differing in isoelectric points. Heat shock proteins are part of a stress-related category and play an important role in cell activities, including stabilizing protein folding, preventing refolding of denatured proteins and regulating many signal transduction pathways (Muccilli et al., 2009 ). Four spots (1, 9, 10, and 15) were unnamed, and predicted proteins could be derived by comparing sequence homology with proteins of other species in the conserved domain database (CDD) of NCBI for their probable functions. The MS and MS/MS spectrograms were obtained for protein identification.
DISCUSSION
Four protein extraction methods -2-D clean-up kit, TCA/acetone, phenol extraction and phenol with methanol/ammonium precipitation -have been widely used for extracting proteins from plant materials, among which TCA/acetone and phenol-based methods are the most popular. A successful proteomic analysis of specific species-derived samples, such as mango peel, requires selection and optimization of a suitable protein extraction method. Among these four methods, the commercial 2-D clean-up kit and TCA/acetone methods were less time consuming and easier to perform. In this study, they showed fewer total detected spots compared to the other two methods, whereas both yielded a similar number of protein spots and displayed sharper spot definition in the range of 10-30 kDa, which tends to lose larger moieties (>70 kDa). The gel patterns indicated non-protein compounds were co-extracted with the proteins, resulting in smears and streaks in the acidic gel region with pH 5-6. The kit and TCA/acetone precipitation are intended to remove the alkaline proteins, such as ribosomal proteins, and minimize protein degradation (Görg et al., 2004) . However, some interfering compounds, such as carbohydrates and polyphenols were not eliminated by the protocols, generating charge heterogeneity and streaking (Carpentier et al., 2005; Jellouli et al., 2010) . In addition, the drawback of these methods is that following precipitation, dissolving the proteins can become difficult, which leads to the low protein yield (Chen and Harmon, 2006; Jellouli et al., 2010) .
Phenol-based methods are widely applied to protein extraction from the plants and have demonstrated a high clean-up capacity (Chokchaichamnankit et al., 2009; Koay and Gam, 2011) . It is a way to avoid the extraction of polysaccharides, lipids, and other nonprotein components. The gel patterns showed that phenol-based extraction methods were most efficient in removing interfering substances and led to the higher quality images. The phenol with methanol/ammonium method produced the best quality protein extraction and separation. The acidic proteins had better resolution with fewer horizontal and vertical streaks. More protein spots in the range of 30-70 kDa and >70 kDa were found. As is well known, most functional proteins, such as enzymes, are around or over 100 kDa. Some proteins below 30 kDa may be related to degradation of large functional molecules caused by the slightly longer process of extraction. Compared to the 2-D cleanup kit and TCA/acetone method, the phenol-based protocols showed better resolution with fewer smears and streaks, and got a clearer background. In this study, the number of spots detected on the methanol/ammonium gel was almost 12% higher than for the 2-D cleanup kit, a non-phenol-based method. More proteins with less acidic pI and higher Mr were captured by phenol-based protocols than the 2-D clean-up kit and TCA/acetone procedures, which suggests that lager numbers of high Mr protein spots for the more neutral and basic gel region can be achieved. However, both phenol extractions would result in the loss of some low molecular weight proteins. Five spots were unidentified in the study, which may have been related to a limited plant proteomic resource, in particular the lack of a mango genome and proteome sequence database. This highlights the necessity to establish a database for this plant. However, the silver staining can detect a protein spot as low as 1 ng (Jellouli et al., 2010) , and such low abundance proteins would be difficult to successfully identify.
From the 2-DE results, the four protein extraction methods could be applied for mango peel proteomics. In particular, the phenol with methanol/ammonium precipitation was the most suitable method in this study. The proteins identified by mass spectrometry showed that the method was compatible with the 2-DE. This report provides a valuable and efficient selection of protocols not only for mango peel, but also for other plant species.
